Introduction and objective
Musculoskeletal pain is one of the most significant occupational health hazards for healthcare professionals. 1 Dentistry, particularly general dentistry, is considered to be one of the highestrisk professions for developing these problems, primarily due to high visual demands that result in prolonged static positions being adopted by clinicians, with movements being limited to the hand and wrist. 2 A number of other factors have also been cited as contributing to the development of musculoskeletal pain including: sub-optimal lighting, genetic predisposition, Objective Limited data exist on musculoskeletal problems within dental students: we aimed to determine the prevalence of these disorders. Design Single centre cross-sectional study. Setting A UK Dental School 2015. Methods Students completed a modified Nordic pain questionnaire. Main outcome measures Self-reported frequency and severity of pain, fitness and coping strategies. Results 63% of 390 respondents were female and 75% aged under 23. Seventy-nine percent experienced pain with 42% experiencing pain for 30 or more days in the past year. Lower back pain was most common (54%) and was most frequently the worst area of pain (48%). Thirty-six percent reported pain lasting at least four hours. The mean 'average pain intensity' VAS score was 3.81/10 (sd = 1.75) and mean 'worst pain intensity' was 5.56 (sd = 2.10). More females reported neck pain (58% versus 37%, P <0.001) and higher 'average pain intensity' (mean 4.02, sd 1.82 versus 3.43 sd 1.55, P = 0.012. Daily stretching was used by 55.7% of respondents, and this positively correlated with 'average' and 'worst pain intensity' (P = 0.096 and P = 0.001) scores. Eighteen percent sought professional help to manage pain. Conclusion Musculoskeletal pain is a problem for dental students. Education in self-care may be helpful; however, assessments of possible interventions are needed.
many of these problems are more a reflection of a functional disorder with minimal direct structural damage, which is much more likely to respond well to appropriate non-invasive management and coping strategies with good long term outcomes. It is not improbable that whilst practitioners do experience problems, many either adapt or find ways to manage their problems 4 with only a few ultimately being forced to consider other career options.
The aim of the present study was to determine the prevalence, distribution and impact of the symptoms of musculoskeletal pain amongst current undergraduate dental students at a dental institute.
Subjects and methods
A cross-sectional study was conducted to assess the prevalence of musculoskeletal disorders amongst current undergraduate dental students at a UK dental institute. A total of 398 dental students from those attending lectures delivered during each year of the BDS programme anonymously completed a paper-based questionnaire quantifying their experience of upper back, lower back and neck pain.
The questionnaire used was a modified version of the Nordic Back Pain questionnaire. [6] [7] [8] [9] [10] This was adapted to include some further questions related to demographics, as well as the self-reported use of loupes with or without illumination, levels of fitness and exercise, the use of various strategies to help address the problem and the impact of pain on ability to perform dental procedures. Students were offered further support if this problem was having a significant impact on their overall health and quality of life. All students were reminded and advised of pre-existing pastoral support services and were also invited to contact MI or other members of local and college support teams if they had concerns.
Results were entered by hand onto a spreadsheet then converted for analysis using Stata 11 software (College Station, Texas). Fifty sets of results were selected and rechecked for accuracy in transposition -no errors were identified. The distribution of variables was assessed to determine appropriate statistical tests. Outcomes of interest included the general demographic variables of population, including use of magnification with or without illumination and self-reported levels of fitness and exercise; the prevalence, pattern and impact of pain from neck and upper and lower back regions; the frequency, intensity, impact and attempted coping strategies for each participant's most intense problem; relationships between the demographics outlined above and the prevalence, impact and intensity of self-reported pain.
This study was approved by the King's College London Research Ethics Committee, Reference Number: BDM/13/14-113.
Results

Demographics and behaviour
The demographic characteristics of respondents are shown in Table 1 . The total number of students potentially available by attending lectures was 740. In total, 398 (54.8%) of those attended lectures during the recruitment phase and returned questionnaires, although 8 of these were not completed and so were excluded from the analysis, giving a drop-out rate of 2%. The majority of respondents were female (63%), under the age of 23 (75%), and were not on the four year graduate-entry programme (13%) or three year dental programme for medical graduates (1%). Only 5% were aged 30 years or above. The demographics of those attending broadly matched those of the whole student body. There was no further follow up of students who had not attended lectures. Students reported starting to wear loupes in year three of the programme and this was more frequent amongst those in latter stages of the programme. There was no difference in the self-reported weekly frequency of exercise between different year groups (chi-squared test, P = 0.478). However levels of self-reported fitness did show a tendency to improve as students become more senior, although this did not quite reach statistical significance (chisquared test, P = 0.069).
Pain
The prevalence and characteristics of pain reported are shown in Tables 2 and 3 . Overall, 79% of respondents reported experiencing one of neck, upper back or lower back pain with 42% of these experiencing this pain for 30 or more days in the past year. Lower back pain was reported as both the most common problem (54% of respondents) and was most frequently chosen as the single worst area of pain (48% of those experiencing pain in any site). Thirty-sxi percent of respondents reported pain lasting for at least four hours, and 20% reported that this pain occurred on at least 50% of all days. The mean 'average pain intensity' VAS score was 3.81/10 (sd = 1.75) and the mean 'worst pain intensity' VAS score was 5.56/10 (sd = 2.10). Female respondents reported a statistically significant higher incidence of neck pain (58% versus 37%, P <0.001) as well as higher 'average pain intensity' VAS scores (mean 4.02, sd 1.82 versus 3.43 sd 1.55, P = 0.012). Perceived overall and peak pain VAS scores did not significantly vary between student year groups.
There was a tendency towards greater reported impact both of operative procedures on pain levels and of pain on performance of operative procedures for more senior compared to more junior students (KruskallWallis tests, P = 0.0001), although this pattern was seen more clearly when considering the impact of pain on dental procedures. There were additionally weak positive, but statistically significant, correlations between the worse reported VAS score and both the impact of pain on procedure performance (R = 0.1482, P = 0.0093) and on the impact of procedure performance on pain (R = 0.211, P = 0.0002). The mean age of reported pain onset was 19 years for each of the problems studied, with a standard deviation of 3.5 (neck) to 3.9 (lower back) years. This does suggest that some students may be experiencing these problems before learning operative dental techniques although the age of onset does coincide with early operative teaching.
Coping strategies used
The most commonly used strategy for dealing with pain was daily stretching (55.7% of respondents, of which 73% were female), and there were statistically significant increased 'average pain intensity' (P = 0.096) and 'worst pain intensity' (P = 0.001) VAS scores for those students attempting to use daily stretching as a means of dealing with the pain. Eighteen percent of respondents had sought professional help to manage pain. Variations in pain scores by coping strategy are shown in Table 4 . Weights were used more frequently by male students (46% versus 10%, P <0.001 chi squared test), and yoga more often by female students (23% versus 13%, P = 0.05 chi squared test). Respondents who reported using these strategies had higher VAS scores than those who did not.
The 23% of students who reported using weights as a coping strategy reported significantly higher 'worst pain intensity' VAS scores (mean 6.03 sd 1.87, P = 0.043 versus mean 5.42 sd 2.15, Mann-Whitney test).
A total of 12.6% of respondents used loupes, with 51% of these using a light attached to their loupes. The percentage of students using loupes increased from 0% in BDS 1 to 30% in BDS 5.
Multivariate analysis of factors associated with pain
An attempt was made to use logistic regression to determine which of the recorded factors had an impact on the prevalence of reported pain when considered in a combined model. However this failed to show any consistent further useful findings beyond those relationships already identified.
Discussion
In this cross-sectional study there was a high prevalence of musculoskeletal pain in the upper back, lower back and neck regions of (26) 15 (18) 11 (13) Lower back: up to 30 days 149 (38) 26 (29) 32 (39) 19 (41) 36 (43) 36 (41) Lower back: over 30 days 54 (14) 10 (11) 9 (11) 4 (9) 16 (19) 15 (17) Pain experienced in the last week (no. of respondents, %) Neck 70 (18) 14 (16) 9 (11) 13 (28) 18 (21) 16 (18) Upper back 77 (20) 14 (16) 8 (10) 12 (26) 25 (30) 18 (21) Lower back 85 (22) 17 (19) 13 (16) 11 (24) 24 (29) 20 (23) undergraduate dental students. The reported prevalence of musculoskeletal pain in this study (79%) is in line with similar studies for both dentists, ranging from 64%-93%, 1, 5, 11, 12 and dental students, ranging from 46%-86%. [13] [14] [15] Rising et al. 13 reported that there was a significant year-by-year increase of a perception that dental procedures aggravate musculoskeletal pain amongst dental students from California. These findings are consistent with those found in our study, which also suggests that there is a similar pattern in the perceived influence of the pain itself on operative procedures. Female students made up 63% of respondents in this study, compared to an overall percentage of 58.4% of students in the undergraduate dental student body. We therefore feel that in terms of gender this is in fact a representative population.
The modified Nordic questionnaire used in this study is considered to be an acceptable method to measure the prevalence of musculoskeletal pain, 5 and has been used in a number of other similar studies. [15] [16] [17] As participants of this study provided self-reported information there is the potential for bias, and it could be suggested that more accurate results could be obtained by using physical examinations and assessments. 12 However, these may be limited to assessment of posture, functional movement or asymmetry, which may not reflect the day-to-day impact of these problems. Alternatives would be the use of established scales that record functional or daily living impairment, such as the Roland-Morris scale for back pain and disability 18, 19 or the Neck Disability Index. 20 The high response rate for this study is good, but it is tempered by the fact that it still only involved approximately 50% of the whole undergraduate student body, which suggests the possibility of selection bias in the results. However, there is no reason to believe that those who have attended lectures are more likely to have experienced musculoskeletal pain, or vice versa.
This study identified lower back pain as being both the most prevalent area of musculoskeletal pain (54%), and the most commonly reported worst area of pain (48%). This is in line with a number of other studies. 16, 22, 23 This finding is significant as highlighted in a study by Myers & Myers 24 which showed that the main health complaint amongst dentists -causing chronic concern, medical care and leading to absenteeism -was lower back pain, quoting a slightly higher prevalence of 62%. A study by Rudcrantz et al. 2 found that more than 50% of Swedish dentists had experienced lower back pain in the last year, which is slightly higher than the 38% found in our study. Interestingly, the study by Rudcrantz et al. also highlighted that the pain intensity experienced by younger dentists was greater than that of older dentists. This inverse relationship between age and musculoskeletal pain has also been noted in a number of other studies, 11, 16, 25 with a suggested hypothesis being that more experienced dentists have developed techniques and adopted their work posture to minimise the impact of musculoskeletal pain. 4 An alternative explanation in this population is that more senior students may have been less keen to report pain since they felt that it may have been associated with repeated poor posture whilst treating patients. It is also interesting to note that the relative impact of pain was greater for more senior students, even though the actual reported pain scores themselves did not vary. This may be a reflection of students potentially being exposed to more repeated episodes of physical discomfort as the clinical component of their programme increased with time, and the likely increased duration of each clinical session. It is notable that, in this population, pain levels tended to be higher in those who had instigated attempts at managing their problem. Therefore, a potential solution to minimise the issue of musculoskeletal pain amongst young dentists could be to accelerate the process of improving work posture and, relevant to the demographic of this study, this could perhaps be achieved by more actively developing this during undergraduate dental training.
There are a number of different approaches which have previously been suggested to prevent the onset and progression of occupational musculoskeletal pain, including improving physical fitness, improving work posture, regular stretching and health promotion. 26, 27 Epidemiological studies have shown that high fitness levels have been correlated with positive back health. [28] [29] [30] Due to its ability to improve musculoskeletal and cardiovascular function, physical exercise may be useful for improving back function and preventing development of work-related musculoskeletal disorders, this has been strongly suggested from prospective studies in medical literature. 29, 31 Some studies suggest that ergonomic advice on improving physical activity should be offered before the individual begins his or her working career or during education. 32, 33 A study from Peros et al. 34 showed that the introduction of a physical fitness program into the dental curriculum, involving 90 minutes of cardiovascular activity per week, had a positive impact on lower back pain amongst final-year dental students in Croatia.
Nutalapati et al. 35 suggested a number of different strategies to limit musculoskeletal problems amongst dentists by improving surgery ergonomics. These strategies involve proper chair side positioning, 36 avoidance of prolonged static postures or excessive twisting motions, and periodic breaks and stretching. All these strategies could be taught under a wider health promotion preventive program as part of an undergraduate curriculum. This is effectively part of a larger ongoing strategy emphasising the overall benefits of continuing to work, using functional adaptations wherever possible. 37 In this study, 30% of students in their final year used loupes as a form of magnification, which matches very favourably to wider demographic data suggesting that 26% of dentists use magnification aids, and a positive correlation showing that older dentists were more likely to 38 This suggests that there may be a trend of increasing loupe use amongst the next generation of young dentists. Increased use of loupes may have a role to play in preventing or managing musculoskeletal issues in this cohort. This may be favourable as suggested by James and Gilmour 39 who comment that the appropriate use of magnification, in the form of dental loupes and microscopes, facilitates a more upright posture and has been shown in some cases to diminish or eliminate chronic back and neck pain.
Conclusion
The results of this study demonstrate that neck and back pain constitute a major problem in the daily lives of undergraduate dental students who were surveyed. Whilst this study does have some limitations, these findings are in line with previous reports in dentist and dental student cohorts. These findings suggest that education and support in self-care in this regard may be an important and valuable addition to the curriculum to improve the health of dental students, and could have benefits in managing current problems as well as in preventing problems in later life. Assessments of the effectiveness of possible interventions are, however, needed to confirm this.
